. Some morphological and anatomical features of red pepper shoots were analyzed. Reduc tion in height and diameter of stems as well as decrease in fresh mass of shoots were observed after Al treatment. In the hypocotyl the thickness of cortex parenchyma layer and the size of their cells were reduced. The aluminum treatment resulted in the increased in thickness of the epidermis outer cell wall. Under Al stress in the cotrex and the central cylinder parenchyma cells were present numerous enlarge plastids which contained large grains of starch and dark little bodies which were possible aluminum deposits. They weren`t observed in control seedlings.
INTRODUCTION
The toxicity of aluminum is a factor which is commonly recognised as a factor limiting plant growth and yielding. The excess of mobile forms of this metal in the substratum affects especially underground organs of the plant, mainly roots, by inhibiting their elongation growth, causing numerous deformations and damages, as well as the limitation of water intake (B e n n e t and S t e w a r d , 1999; B u d i k o v a and M i s t r i k , 1999; K o n a r s k a , 2005). With a large concentration of aluminium ions, a reduced weight of above-ground organs: stems, leaves, flowers and seeds, was found in many plant species. However, typical symptoms of aluminium toxicity were not always noticeable on these organs (O l e k s y n et al., 1996; M a n g a b e i r a et al., 1999) . Most researchers are of opinion that changes observed in such cases correspond to nutrient and water deficiency symptoms which may accompany the excess of aluminium in the substratum (J a n h u n e n et al., 1995; R u f y i k i r i et al., 2001) . In spite of the fact that most toxic ions of this metal taken in by the plant are immobilised in roots (B o r o w s k i , 1999; L i d o n et al., 1999), a part of them can migrate to the above-ground portion in particularly sensitive or aluminium-loving plants. Aluminium deposits are then observed in leaves and accumulated in their peripheral portions, i.e. in cell walls of the upper epidermis, in particular in the cuticle layer or in the walls of palisade parenchyma cells (G a r r e c and R e n a r d , 1996; S h e n and M a , 2001).
Earlier studies on the effect of aluminium on the root system of several plant species demonstrated that red pepper is a taxon very sensitive to the toxicity of this metal (K o n a r s k a , 2004). Results presented in this paper are a continuation of investigations related to this topic, and they aim to determine morphological and anatomical changes in the structure of stems of red pepper seedlings, induced by the effect of the excess of aluminium ions.
MATERIAL AND MATHODS
Red pepper (Capsicum annuum L.) seedlings were cultivated in 4 dm 3 plastic containers which were filled with modified Knop's medium B r a u n e r and B u nk a t s h . AlCl 3 ·6 H 2 O was additionally introduced into the medium in the following concentrations: 0 (control), 10, 20 and 40 mg dm -3 of the medium, what corresponds to 0; 1.1; 2.2 and 4.5 mg·dm -3 of pure aluminium. The pH of the solutions was set to 4.3 by using 0.1 M HCl or 0.1 M NaOH. The disinfected pepper seeds germinated on wet tissue in Petri dishes. After four days from the germination, the seedlings were transferred to water cultures. 30 plants were tested in each object. During the experiment, the medium was aired and its depletion was supplemented, and after a week it was exchanged. The experiment was conducted in three replicates and completed after 14 days. Then, the total length of shoots, the length of the hypo-and epicotyl were measured, and above-ground portions of the plant were weighed in order to determine the average fresh weight of these organs for one seedling.
For observations of the structure of the hypocotyl surface and anatomical examinations, middle portions of the hypocotyl of the stem, about 10 mm long, were sampled. From the material sampled, semi-permanent slides were prepared in glycerol-gelatine, as well as permanent semi-thin slides with 0.5 µm-thick sections which were stained with 1% methylene blue with 1% azur II in a 1% water solution of sodium tetraborate. Observations and figss were made in a Jenaval Contrast microscope. The diameter of the hypocotyl was then measured and measurements of the width of layers of particular tissues of this organ were made, as well as the thickness of external walls in the epidermis cells was determined. In addition, the number and size (length and width) of chloroplasts occurring in the first and fourth layer of the parenchyma of primary cortex of the hypocotyl and the number and size of leucoplasts in the endodermis were analysed. Measurement results obtained were subjected to statistical analysis. A variance analysis was performed for the complete randomization scheme (single classification) and the least significant difference for pairs of mean values (LSD) was calculated.
To perform the examination by using scanning electron microscopy, the samples taken were fixed in 2% glutar aldehyde with 2.5% paraformaldehyde in 0.075 M phosphate buffer with the pH of 6.8 for 12 hours at 4ºC. Next, the material was twice washed with the buffer for 15 seconds at room temperature and with distilled water also for 15 seconds. The next stage was the dehydration of the sections in 2.2-dimethoxypropane acidified with HCl in accordance with Miller's and Jacks' method (1975) . The dehydrated material was dried at critical point in liquid CO 2 and coated with gold by using the CS100 Sputter Coater. Observations of the structure of the hypocotyl surface were made by using a BS -300 Tesla microscope.
RESULTS
The fourteen-day control pepper seedlings cultivated in water cultures developed stems with the average length of 3.83 cm, of which the hypocotyl accounted for over 70% (Tab. 1). With the increased concentration of aluminium, the height of the plants was reduced from 28.7% up to 38.9%, what was accompanied by the shortening of the length of both the hypocotyl and, to a larger degree, the epicotyl. AlCl 3 doses applied also reduced drastically the average fresh weight of pepper shoots (Tab. 1).
Epidermis cells of the hypocotyl of pepper from the control object observed in SEM were of rectangular shape and they were elongated parallel to the vertical axis of the organ. On their surface, the presence of numerous glandular trichomes was found (Figs. 1, 2), as well as non-glandular trichomes, and rarely occurring open stomata (Figs. 3, 4) . The surface of the epidermis cells covering the hypocotyl was characterised by cuticular sculpture in the form of striae running in different directions, most frequently perpendicular to the long axis of these cells (Figs 3) . In the presence of the toxicant, the hypocotyls with the reduced diameter were characterised by epidermis with a wrinkled and corrugated external cell wall (Fig 4) . Elongated folds occurred on the surface of the cells in the plants treated with aluminium (Fig. 4) . The glandular trichomes, both in the control plant and in the presence of aluminium, had various heights. They were composed of a 1-or 2-celled base and a spherical or oval several-celled head (Figs. 5, 7) . The non-glandular trichomes were pestle-shaped. They were built of several cells arranged in tiers (Figs. 6, 8) . Some of them were characterised by furrowed cuticle ornamentation (Fig. 8) . In the observations made, no changes under the influence of aluminium were found in the structure of the stomata or trichomes, though the trichomes were usually shorter in the presence of the toxicant.
Light microscopy observations show that under the influence of aluminium the diameter of the hypocotyl of the pepper seedlings was reduced, in Figs. 9 12. Transverse sections of the hypocotyl of 14 days old red pepper; 9, 10 control, 11, 12 after treatment 40 mg·dm 3 AlCl 3 visible the hypocotyl diameter decreased and the size cells too. Note enlarge plastids in many cells of hypocotyl (arrows). Bars 100 µm. proportion to the applied doses of the toxicant. It related both to primary cortex and, to a larger degree, the central cylinder (Tab. 2, Figs. 9, 11) , what was caused by a substantial reduction in the size of cells composing these strata (Figs. 10, 12) . No changes were observed in the height of epidermis cells of the hypocotyl under the influence of aluminium, but its influence was noted in the increased thickness of the external wall of these cells by 28% at 20 mg·dm -3 AlCl 3 and almost by 35% at 40 mg·dm -3 AlCl 3 , compared to the control plants (Tab. 2). In addition, at such concentrations some epidermis cells developed as a result of non-typical divisions (Figs. 14, 15 ). In many cells, dark, small bodies occurred . Their presence was also noted in many cells of the next layers of parenchyma, both the cortex and pith of the hypocotyl (Figs. 11, 12, (14) (15) (16) . All levels of aluminium contributed to a significant reduction of the height of the vascular bundle in the hypocotyl of the pepper seedlings (on the average, by 26%, 25% and 29%) and a reduction of the xylem thickness in the vascular bundle, compared to the control object. At the same time, metaxylem vessels developed in the presence of aluminium were marked by a reduced clearance (Tab. 2, Figs. 17, 18) . In the stems of the fourteen-day pepper seedlings, a significant increase in the number of plastids (by 48%) was observed in the fourth parenchyma layer of primary cortex with the highest dose of aluminium (Tab. 3). And a significant increase in their size was noted at 20 and 40 mg·dm -3 of AlCl 3 in the fourth layer of this tissue, as well as in the endodermis (Tab. 3). In the presence of higher doses of aluminium, the occurrence of clusters of plastids was observed with clearly increased sizes in all cells of the parenchyma of the pepper hypocotyl, both of primary cortex and the central cylinder (Figs. 11, 12, 16, 18, 19, 21) . These organelles contained very numerous, densely packed aggregates of reserve starch, intensively stained with dark-blue colour under the influence of Lugol's iodine solution (Figs. 20, 22) . The bursting of the plastid membrane and the release of single starch grains were often observed.
DISCUSSION
In the conditions of aluminium stress, the growth and development of above-ground organs of red pepper were inhibited. The growth inhibition and the reduction of fresh weight of shoots under the influence of aluminium were found by researchers in other plant species (L a r s e n et al. had been earlier observed by the author of this paper
